Repeated exposure to an auditory stimulus leads to habituation of the electrophysiological and immediate-early-gene (IEG) expression response in the auditory system. A novel auditory stimulus reinstates this response in a form of dishabituation. This has been interpreted as the start of new memory formation for this novel stimulus. Changes in the location of an otherwise identical auditory stimulus can also dishabituate the IEG expression response. This has been interpreted as an integration of stimulus identity and stimulus location into a single auditory object, encoded in the firing patterns of the auditory system. In this study, we further tested this hypothesis. Using chronic multi-electrode arrays to record multi-unit activity from the auditory system of awake and behaving zebra finches, we found that habituation occurs to repeated exposure to the same song and dishabituation with a novel song, similar to that described in head-fixed, restrained animals. A large proportion of recording sites also showed dishabituation when the same auditory stimulus was moved to a novel location. However, when the song was randomly moved among 8 interleaved locations, habituation occurred independently of the continuous changes in location. In contrast, when 8 different auditory stimuli were interleaved all from the same location, a separate habituation occurred to each stimulus. This result suggests that neuronal memories of the acoustic identity and spatial location are different, and that allocentric location of a stimulus is not encoded as part of the memory for an auditory object, while its acoustic properties are. We speculate that, instead, the dishabituation that occurs with a change from a stable location of a sound is due to the unexpectedness of the location change, and might be due to different underlying mechanisms than the dishabituation and separate habituations to different acoustic stimuli.
Introduction
The telencephalic auditory system of birds consists of interconnected brain regions with functions and connectivity similar to different layers of the mammalian auditory cortex (Wang, Brzozowska-Prechtl, & Karten, 2010) . These regions consist of Field L2 and the adjacent higher order neurons of L1, L3, the caudal medial nidopallium (NCM) and the caudal mesopallium (CM). L2 is the primary thalamo-recipient neural population similar to the layer IV neurons of mammalian auditory cortex, L1 and L3 are considered similar to layer III neurons of auditory cortex, NCM to layer III of secondary auditory areas, and CM more similar to layers I/II ( Fig. 1A ; Horita, Wada, Rivas, Hara, & Jarvis, 2010; Jarvis, 2004; Jarvis et al., 2005; Wang et al., 2010) . The caudal striatum (CSt) is also part of the auditory system and is considered similar to the mammalian caudal auditory striatum (Jarvis, 2004) . The auditory electrophysiological and EGR-1 immediate early gene (IEG) expression responses in both NCM and CM habituate with repeated presentations of the same song, and exposure to a novel song reinstates the response (Chew, Mello, Nottebohm, Jarvis, & Vicario, 1995; Mello, Nottebohm, & Clayton, 1995; Stripling, Volman, & Clayton, 1997) . Long-term retention of the neural habituation is blocked by protein synthesis inhibitors during the initial habituation phase, with the same time course for the dependence of protein synthesis for long term behavioral memories (Chew et al., 1995) . Thus, this habituation has been interpreted as the auditory system processing and memorizing the new song, leading to a reduced response as the memory trace is laid down (Stripling et al., 1997) . Lu and Vicario (2011) further interpret this encoding of a new neuronal memory as part of the mechanism for identifying auditory objects, with habituation to existing objects facilitating the detection of novel
